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Abstract 
To identify risk factors for allergy and their contribution in the indoor environment, a population based cross 
sectional study was carried on among children 1-8 years old in Beijing, China during 2010-2011. The health 
condition, life style and home environment of children were surveyed by questionnaires. The response rate of the 
questionnaire was 64.8% corresponding to the number of 5763 children. The prevalence of doctor diagnosed 
allergic rhinitis and pneumonia was reported to be 7.8% and 26.2% respectively. 45.3% of the parents reported 
symptoms of rhinitis (sneezing and blocked nose) among their children in the last 12 months and 19.5% reported 
dry cough in the last year. Family allergy was the strongest risk factor for doctor diagnosed pneumonia, eczema, dry 
cough, and rhinitis in the last year. The neighborhood environment, house type, flooring, decoration, house 
dampness, and family member smoking are significantly associated with most reported diseases. 
© 2015 The Authors.Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1.   Introduction 
In the last decade several interdisciplinary reviews of the scientific study from Sweden [1], the Nordic countries[2] 
and Europe [3, 4] have shown a strong evidence of an association between indoor environmental exposures and 
human health. In fact, human health is affected by e.g. heredity, environment, lifestyle and age. The state of health  
 
* Corresponding author. Tel.: 86-10-6833-1450; fax: 86-10-8836-1680. 
E-mail address: zhangjinping@bucea.edu.cn 
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ISHVAC-COBEE 2015
478   Jinping Zhang et al. /  Procedia Engineering  121 ( 2015 )  477 – 484 
is often dependent on an interaction between several of these factors. Allergic diseases are a major public health 
problem in many countries [5]. The prevalence of allergic diseases has been reported to increase worldwide [6] over 
the past 40 years, the incidence for children being higher than that for adults. Typical allergy symptoms are 
sneezing, a stuffy or runny nose, watery eyes, a dry cough, and itchy nose, ears, or palate. Other common symptoms 
are eczema and asthma. Although allergic diseases are supposed to be caused by a complex interaction between 
genetic and environmental exposures, environmental exposures are believed to play a dominant role [7, 8]. 
According to the World Health Organization, an estimated 300 million people suffer from asthma and 255 000 
people died of asthma in 2005. The worldwide variations in the prevalence of allergy and asthma symptoms among 
children have been mapped during the last decade through the International Study of Asthma and Allergies in 
Childhoods [9]. Some studies had shown that the prevalence of asthma and allergy in China appears to be increasing 
[10]. Indoor environment exposures will vary greatly between different regions with different social, cultural, 
economic and climatic conditions. Beijing as China’s capital, a political, economic and cultural centre, how is the 
association of indoor environment exposures with the prevalence of asthma and allergies among children in Beijing? 
To explore the role of environmental exposures related to indoor environmental factors such as neighbor 
environment, house decoration, moisture-related problems (dampness) in the home, pets and smoking in homes, and 
etc. for health effects such as allergies and asthma among small children living in Beijing. Associations between 
indoor environmental factors and allergies were studied using a cross sectional questionnaire investigation in 
Beijing. The current paper presents main results on housing characteristics, frequency of self-reported health 
outcomes as well as the associations between main indoor environmental factors and allergies among children. 
2.   Methodologies  
The study is the epidemiological study according to the literatures [11-14]. It is divided into two phases. Phase 1: 
An epidemiological cross-sectional questionnaire survey on housing and health was carried out. This report is about 
the first phase of the cross sectional study in the period of October 2010-May 2011. This survey was conducted in a 
manner that represented the general population of children aged 1-8 years in Beijing. Self-administrated 
questionnaires were delivered to parents of children through teachers in kindergartens. The completed 
questionnaires were returned back within one week. Participants came from 13 districts in Beijing, which covered 
nearly 30 kindergartens randomly selected kindergartens from these districts, and 8893 children participated. The 
questionnaire mainly surveys the life style, home environment and the health status of index children and family 
members. It contained about 90 questions on housing and health divided into six sections: 1) Basic information of 
the child; 2) Children and family background information; 3) Health characteristics of the child and family member; 
4) Housing characteristics; 5) Lifestyle factors; 6) Information on eating habit. The statistic analyses were 
performed by SPSS 17.0 software. Chi-square test was used to evaluate statistically significant differences between 
proportions for the allergy symptoms and home characteristics. Logistic regression models were used to determine 
the association between health outcomes (dependent variables) and different exposure factors (independent 
variables) expressed in odds ratio (OR) and adjusted odds ratio (AOR) supplementing with 95% confidence 
intervals (CI). AOR expressed the value that odds ratios (OR) were adjusted for gender, age, and family member 
asthma and allergy. A p-values less than 5% (p<0.05) were considered as significant for all analyses. 
3.  Results and discussion 
The response rate of the questionnaire was 64.8 % corresponding to the number of 5763 children. Among them, 
335 children were excluded because of insufficient information of 198 children on the home environment and 
children’s health, and lack of basic information e.g. gender or age of 137 children of the child. In total, 5458 
subjects (2846 boys and 2612 girls) are included in this analysis.  
3.1. Parental reported allergy of the children 
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Table 1.  Prevalence of parental reported allergy of the children. 
Percentages marked in bold and italic, p>0.05 in Chi-square Test. Others indicate significant level (i.e. P<0.05) 
 
Table 1 shows that the most frequently reported symptoms were rhinitis (sneezing and blocked nose) last 12 
months. 19.5% of the parents reported Cough at night, > 2 weeks. 26.2% of the children had doctor-diagnosed 
pneumonia and 7.8% had doctor-diagnosed hay fever or allergic rhinitis. The boys had in general more symptoms 
than that of girls. The prevalence of children of age 8 with all diagnoses and symptoms was almost the highest 
closely followed by that of children of 1 year old. Children of age 2 had significantly fewer doctor-diagnosed 
diseases (pneumonia and allergic rhinitis or hay fever) compared to the younger or older children. The diagnoses 
such as pneumonia and symptoms of allergy (sneezing and blocked nose) on pollen exposure last 12 months slightly 
increased with age in the range of 3-5. The prevalence of various diagnoses and symptoms among the children of 
age 3-6 varied little. However, the prevalence of the symptoms of allergen on pollen exposure last 12 months and 
hay fever or allergic rhinitis of age 7 was significantly different from that of age 3-6. 
3.2. Association between family allergy and symptoms among children 
A summary of the general characteristics of children’s homes included in the study about life style, and 
environmental exposures displayed 82.5% of the investigated buildings located in city. The proportion of renovation 
after 1 year old of child was the highest among the proportions of renovation at different time and the ratios of 
renovation of buildings of constructed after 2006 were also generally the highest. The ratios of mildew or mould 
and dampness of the children’s homes in old residences before 1990 in general are higher than that in the residences 
after 1990. The ratio of family member smoke attained 51.0%. Association between family allergy and symptoms 
among 5458 children is presented in Table 2. Table 2 shows family asthma and allergy was highly associated with 
doctor-diagnosed pneumonia and the symptoms of dry cough, and rhinitis in the last 12 months in their children. 
The proportion of family asthma and allergy is 23.2%. 
Table 2.  Family asthma and allergy. 
 Pneumonia  Dry cough at night, > 2 weeks last 12 months 
Sneezing and blocked 
nose (Rhinitis) 
last 12 months 
Family asthma and allergy: Yes/(No) 
OR a 1.64  2.05 1.98 
95% CI 1.43, 1.89  1.77, 2.38 1.74, 2.25 






Boys Girls 1 2 3 4 5 6 7 8 
Dry cough, > 2 weeks 
last 12 months (%) 19.5 20.0 19.0 23.8 21.0 22.0 19.7 17.2 18.6 12.3 48.5 
Pneumonia (%) 26.2 27.4 25.0 21.7 15.3 24.8 26.9 27.0 27.2 27.0 31.3 
Rhinitis (sneezing and 
blocked nose) last 12 
months (%) 
45.3 47.6 42.9 43.5 42.9 47.2 43.9 44.9 44.6 47.7 78.8 
Allergy (sneezing and 
blocked nose) on pollen 
exposure last 12 
months (%) 
7.0 7.4 6.7 22.7 10.9 4.1 6.4 7.7 7.9 20.6 48.5 
Hay fever or allergic 
rhinitis (%) 7.8 9.0 6.5 4.3 4.2 4.9 8.4 8.1 9.6 21.9 24.2 
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3.3. Association of child information, life style and home environmental exposure with children’s health outcomes 
Tables 3-6 show association of child information, life style and home environmental exposure with children’s 
health outcomes. Table 3 presents association of child information with children’s health outcomes expressed in 
Odd Ratio (OR) and confidence interval (95% CI).  
 Table 3.  Association of child information with the symptoms of the children. 
a Categories in parentheses are used as references.  
b OR marked in bold indicates the significant level ( i.e., p<0.05). 
 
It can be seen from Table 3 boys increased risk for having had diagnosed pneumonia, and rhinitis (Sneezing and 
blocked nose) in last 12 months. Breastfeeding more than 3 months was not a protective factor for parental reported 
symptoms and doctor diagnoses of the children shown in Table 3. 
To decrease the effect of potential confounders, Odds ratios (OR) were adjusted for gender, age, and whether 
family member had asthma and allergy. A summary of the associations between some housing characteristics and 
some parental reported symptoms and doctor diagnoses is presented in Table 4 expressed in adjusted Odd Ratio 
(AOR) and confidence interval (95% CI). 





   Pneumonia Eczema last 12 months 
Dry cough last 12 
months 
Rhinitis last 12 
months 
Information 
Gender: Boy/(Girl) a 
OR b   1.13 0.96 1.07 1.21 
95% CI   1.00ˈ1.28 0.83, 1.11 0.93, 1.22 1.08, 1.35 
Age: ≤4/(>4) 
OR   0.96 1.27 1.17 1.01 
95% CI   0.85, 1.08 1.09, 1.47 1.02, 1.33 0.91, 1.13 
Breast feeding: (No)/(>6 months) 
OR   0.99 0.96 1.00 1.04 
95% CI   0.94, 1.05 0.90, 1.03 0.94, 1.07 0.99, 1.09 
   Pneumonia Eczema last 12 months 
Dry cough last 12 
months 
Rhinitis last 12 
months 
Housing characteristics 
Residential location: City/( Suburban) 
AOR a   0.98 1.01 0.92 1.17 b 
95% CI   0.83, 1.17 0.82, 1.25 0.76, 1.11 1.00, 1.37 
Neighborhood environment 
Main road or high speed road: Yes/(No) 
AOR   1.28 1.45 1.21 1.16 
95% CI   1.12, 1.47 1.23, 1.71 1.04, 1.41 1.02, 1.31 
Shopping centre: Yes/(No) 
AOR   1.15 1.13 1.10 1.08 
95% CI   0.98, 1.34 0.94, 1.37 0.92, 1.30 0.94, 1.24 
Industry centre: Yes/(No) 
AOR   0.78 1.16 1.35 1.10 
95% CI   0.52, 1.18 0.74, 1.83 0.91, 2.01 0.79, 1.55 
House type: Multifamily dwelling/( Single family) 
AOR   1.02 1.07 1.10 1.11 
95% CI   0.89, 1.16 0.91, 1.26 0.95, 1.28 0.99, 1.25 
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Table 4.  Association of home environmental exposure with the symptoms of the children after adjustment for potential confounder. 
   Pneumonia Eczema last 12 months 
Dry cough last 12 
months 
Rhinitis last 12 
months 
Renovation 
Renovation-1 year before pregnancy: Yes/(No) 
AOR   1.21 1.22 1.29 1.24 
95% CI   1.00, 1.46 0.98, 1.53 1.05, 1.59 1.04, 1.48 
Renovation-During pregnancy: Yes/(No) 
AOR   1.29 1.02 1.66 1.23 
95% CI   0.96, 1.74 0.70, 1.50 1.21, 2.27 0.93, 1.63 
Renovation-During 0-1 year old of child: Yes/(No) 
AOR   1.13 0.81 1.46 1.11 
95% CI   0.82, 1.57 0.53, 1.25 1.04, 2.05 0.82, 1.49 
Renovation-After 1 year old of child: Yes/(No) 
AOR   1.36 1.34 1.46 1.27 
95% CI   1.16, 1.60 1.11, 1.63 1.23, 1.74 1.09, 1.47 
a Odds ratios (OR) were adjusted for gender, age, and whether family member had asthma and allergy. 
b AOR marked in bold indicates the significant level ( i.e., p<0.05). 
c AOR marked in italics indicates the no significant level after adjustment for gender, age, and family asthma and allergy. 
d AOR marked in italics bold indicates the significant level after adjustment for gender, age, and family asthma and allergy. 
 
It can be seen from Table 4: 1) Residential location in a city was a risk factor for rhinitis in the last 12 months 
after adjustment for potential confounders. 2) Living in a house near a main road or high-speed road was associated 
with all the diagnoses and symptoms of pneumonia and dry cough at night and rhinitis in the last 12 months. Living 
in a house near shopping center had not significantly more children with the diagnoses and symptoms. 3) For 
flooring, solid wood floor, laminated floor, PVC floor, and pure wool carpet were all risk factors for asthma. PVC 
floor were also associated with pneumonia and dry cough at night. 5) Renovation of houses during 4 different time 
periods such as 1 year before pregnancy, during pregnancy, during 0-1 year old of children and after 1 year old of 
children were all risk factors for the children’s health. Especially, the risk of renovation of houses after 1 year old of 
children was almost the highest for pneumonia diagnosed, dry cough and rhinitis in the last 12 months. 
3.4. Associations of dampness problems in the house with allergies among children 
The associations between some dampness problems in the house and some parental reported symptoms and 
doctor diagnoses is presented in Table 5 expressed in adjusted Odd Ratio (AOR) and confidence interval (95% CI). 
 
 
House ownership: Own/(Rent) 
AOR   0.93 1.02 0.93 0.95 
95% CI   0.82, 1.06 0.87, 1.19 0.81, 1.08 0.85, 1.07 
Flooring 
Solid wood floor: Yes/(No) 
AOR   1.06 1.08 0.97 1.05 
95% CI   0.92, 1.22 0.91, 1.28 0.83, 1.14 0.92, 1.19 
Laminated floor: Yes/(No) 
AOR   0.99 1.07 1.08 1.16 
95% CI   0.86, 1.13 0.91, 1.26 0.93, 1.25 1.03, 1.31 
PVC floor: Yes/(No) 
AOR   1.80 1.00 1.99 0.92 
95% CI   1.17, 2.76 0.56, 1.80 1.26, 3.15 0.60, 1.41 
Pure wool carpet: Yes/(No) 
AOR   1.36 1.92 1.12 1.13 
95% CI   0.58, 3.17 0.75, 4.90 0.41, 3.01 0.51, 2.49 
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Table 5.  Association of mildew or dampness (dampness problems) with the symptoms of the children after adjustment for potential 
confounders. 
   Pneumonia Eczema last 12 months 
Dry cough last 12 
months 
Rhinitis last 12 
months 
Dampness problems 
Mildew or mould of child’s room: Yes/(No) 
AOR   1.43 1.92 2.07 1.47 
95% CI   1.06, 1.92 1.38, 2.66 1.53, 2.80 1.10, 1.96 
Dampness of child’s room: Yes/(No) 
AOR   1.47 1.71 2.11 1.46 
95% CI   1.15, 1.88 1.30, 2.25 1.65, 2.72 1.15, 1.85 
Water leakage/flooding 
Flooding during the past year: Yes/(No) 
AOR   1.08 1.19 1.18 1.16 
95% CI   0.92, 1.25 1.00, 1.42 1.01, 1.39 1.01, 1.34 
Flooding 1 year ago: Yes/(No) 
AOR   1.14 1.27 1.17 1.09 
95% CI   0.85, 1.52 0.91, 1.77 0.85, 1.61 0.83, 1.42 
Condensation on window: (Yes)/No 
AOR   0.92 0.93 0.87 0.87 
95% CI   0.86, 0.99 0.86, 1.02 0.80, 0.94 0.81, 0.93 
No fresh air in the birth room: Yes often/(No) 
AOR   1.21 1.29 1.79 1.29 
95% CI   0.95, 1.54 0.98, 1.69 1.41, 2.27 1.02, 1.63 
 
Table 5 shows dampness problems in the child’s room were obviously associated with the investigated 
symptoms, which reached significance for dry cough and rhinitis as well as doctor-diagnosed pneumonia. Flooding 
during the past year of the houses was associated with the symptoms of dry cough and rhinitis last 12 months. 
However, flooding 1 year ago of the houses were not associated with the symptoms and diagnoses. Condensation on 
windows in the rooms of children resulted in a higher prevalence of pneumonia, and dry cough and rhinitis last 12 
months. Meanwhile, the risk was higher for children born in the rooms, which often have not fresh air with the 
symptoms of dry cough and rhinitis in the last 12 months.  
3.5. Association of family smoking with allergies among children 
The associations between environmental tobacco smoke, and some parental reported symptoms and doctor 
diagnoses are presented in Table 6 expressed in adjusted Odd Ratio (AOR) and confidence interval (95% CI).  
Table 6.  Association of environmental tobacco smoke with the symptoms of the children outcomes after adjustment for potential confounders. 
   Pneumonia 
Eczema last 12 
months 
Dry cough last 12 
months 
Rhinitis last 12 
months 
Environmental tobacco smoke 
Family member smoking: Yes/(No) 
AOR  
 
1.16 1.05 1.29 1.24 
95% CI  
 
1.02, 1.31 0.91, 1.23 1.13, 1.48 1.11, 1.38 
 
From Table 6, Family member smoking (Environmental tobacco smoke) at home was also associated with an 
increased risk of diagnosed pneumonia, and current dry cough and rhinitis. 
3.6. Discussion 
The current survey is one of the first attempts to perform a study on housing and health in Beijing, China. The 
response rate of 64.8% means that data are reliable. 26.2% of children had ever had pneumonia, which is even 
higher than reported from developed countries. The increased prevalence of symptoms may be linked to the 
neighbor environment, rapidly increased cost of energy, and decoration of the houses in Beijing recent years. 
Pollution caused by house decoration and reduced ventilation leads to increased indoor air pollution and dampness 
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problems. The study shows that genetic factors can explain different rates of allergies among children. Residence in 
a city was only a risk factor for rhinitis (sneezing and blocked nose) in the last 12 months after adjustment for 
gender, age, and family member asthma and allergy. Maybe sample size of residence in a suburb or countryside 
would need increase in future study. The conclusion that living in a house near a main road or high-speed road was 
a risk factor for pneumonia, and eczema, dry cough at night and rhinitis in the last 12 months is obtained in the 
study. House size and ownership of the dwellings were not risk factors for children with allergies. PVC floor was a 
risk factor for pneumonia, and dry cough. The risk of renovation of houses after 1 year old of children was almost 
the highest for eczema and other allergy symptoms is the first study result in China compared to that from other 
countries. It indicates indoor air pollution caused by renovation is serious in Beijing and maybe have caused 
allergies of children. It seems not to be in accordance with the result from U.S. [15]. Moisture-related problems 
(dampness) at home were reported in the study and the highest frequency was observed for self-reported 
condensation on window in the child room in winter. Several reviews of the scientific literature, e.g. NORDAMP 
[2], EUROEXPO [16] have shown convincing epidemiological evidence that dampness in buildings is associated 
with health effects such as cough in the range OR 1.4-2.2. In this study, the presence of dampness e.g. visible 
moulds and/or mildew, water leakages and condensation was associated with most of the health symptoms and 
doctor-diagnoses studied. The presence of moisture and mould in the residences was also associated (AOR 1.43-
2.11) with pneumonia, eczema (last 12 months), cough (last 12 months), and rhinitis (last 12 months). Completely 
51% of the children were exposed to smoking at home (environmental tobacco smoke). Such smoking was a 
significant risk factor for most of the reported symptoms. Environmental tobacco smoke was not a problem in the 
Swedish study as family smoking around children was very rare, while in China in the study it was associated with 
pneumonia, and current dry cough and rhinitis in the last 12 months among children (AOR 1.16-1.29). Based on the 
comprehensive data gathered, covering most of the indoor factors, the adjustments made for potential confounders 
and the agreement of the associations obtained with previous studies, the risk for serious selection bias is limited. 
Some topics that need to be analyzed are associations of asthma and allergies with the kind of heating system, the 
use of air conditioners, new furniture (often plastics), living habits, eating habits, etc. 
4.  Conclusions 
1) The prevalence of doctor-diagnosed allergic rhinitis was 7.8%. The genetic factors are most important risk 
factors for allergies. 
2) Living in a house near a main road or high-speed road was a risk factor for allergies and some reported symptoms 
and diagnoses among the children. Renovation after 1 year old of child was main risk factor for allergies and 
most reported disease compared to other renovation at different time. 
3) Dampness problems in the room were obviously associated with allergies and pneumonia. 
4) Smoking in the family was associated with pneumonia most allergies. 
In a word, the neighborhood environment, house type, flooring, decoration, house dampness, and family member 
smoking are all risk factors for allergies and most reported diseases. 
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